
', Ii•-'' OHIO RIVER BASIN

TRIBUTARY NORTH BRANCH PIGEON CREEK, WASHINGTON COUNTY

PENNSYLVANIA

BENTLEYVILLE DAM. VLoi
NDI ID NO. PA-1096

DER ID NO. 63-49

BENTLEYVILLE WATER AUTHORITY

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

DTICELECTIF

JAN 0 41982

Prepared By 4, 0

SL. ROBERT KIMBALL & ASSOCIATES .• q' +

CONSULTING ENGINEERS & ARCHITECTS
EBENSBURG, PENNSYLVANIA

15931 Ž#

FOR

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT CORPS OF ENGINEERS

BALTIMORE, MARYLAND

21203

JUNE, 1981

i " is uss.iite. d . 81 12 28 aO2



4 7

"OHIO RIVER BASIN

VTRIBUTARY NORTH BRANCH PIGEON CREEK, WASHINGTON COUNTY

PENNSYLVANIA

BENTLEYVILLE DAM
NDI ID NO. PA-1096

DER ID NO. 63-49

BENTLEYVILLE WATER AUTHORITY

PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

Prepared ByIL. ROBERT KIMBALL & ASSOCIATES

CONSULTING ENGINEERS & ARCHITECTS
K EBENSBURG, PENNSYLVANIA

15931

FOR

DEPARTMENT OF THE ARMY
BALTIMORE DISTRICT CORPS OF ENGINEERS

BALTIMORE, MARYLAND

21203

JUNE, 1981

-/1

J" IIII II II • I I I II I I .....



PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief of
Engineers, Washington, D.C. 20314. The purpose of a Phase I investi-
gation is to identify expeditiously those dams which may pose hazards
to human life or property. The assessment of the general condition of
the dam is based upon available data and visual inspections. Detailed
investigation, and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the investiga-
tion is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported con-
dition of the dam is based on observations of field covditions at the
time of inspection along with data available to the inspection team.
In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure cer-
tain conditions which might otherwise be detectable if inspected under
the normal operating environment of the structure.

It is important to note that the condition of a dam depends on.
-numerous and constantly changing internal and external conditions, and
is evolutionary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the condition
of the dam at some point in the future. Only through frequent inspec-
tions can unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established
Guidelines, the spillway design flood is based on the estimated
"Probable Maximum Flood" for the region 'greatest reasonably possible
storm runoff), or fractions thereof. The spillway design flood provi-
des a measure of relative spillway capacity and serves as an aid in
detemining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition and
the downstream damage potential.
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PHASL I REPORT

NATIONAL DAN INSPECTION REPORT+I
NAME OF DAM Bentleyville Dam
STATE LOCATED Pennsylvania
COUNTY LOCATED Washington
STRHAM Tributary to the North Branch of Pigeon Creek
DATES OF INSPECTION November 5, 1980 and May 12, 1981
COORDINATES Lat: 400 8.9' Long: 800 1.5'

ASSESSMENT

The assessment of Bentleyville Dam is based upon visual observations
made at the time of inspection, review of available records and data,
hydraulic and hydrologic computations and past operational

performances

The BentleyvilleDam appears to be in poor condition. No maintenance
program exists for the dam and the lack of maintenance is led to a
general deterioration of the structure. An upstream 8 -off exists
for the 121f.drainline, but the capability of the valve operate is
questionable. Wet areas were observed on the downstreL, slope of the
dam. One area observed at the right abutment contact; aid a second
wet area was observed on the downstream slope adjacent to the right
spillway wingwall, approximately 10 feet below the crest. The seepage
should be investigated to ascertain its effects on the stability of
the structure. The spillway is in a deteriorating condition and the
concrete in the channel walls and channel bottom should be repaired.
Undercutting of the channel floor if left unchecked could lead to the
potential failure of the spillway structure. Brush and small trees
were observed on the upstream and downstream slope. The brush aid
small trees should be removed in a controlled manner.V

The Bentleyville Dam is a significant hazard-small size dam. TK2
recommended spillway design flood (SDF) for a dam of this size and
classification is in the range of the 1O0-year storm to 1/2 PMF.
Based on the downstream potential for significant property damage to
outlying areas of Bentleyville and Interstate 70, the spillway design
flood has been selected as the 1/2 PMF.

The spillway and reservoir are capable of controlling approximately
19% of the PMF without overtopping the embankment low spot. The
spillway is capable of controlling the 100-year flood. " Based on cri-
teria established by the Corps of Engineers, the spillway is termed
inadequate-
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BENTLEYVILLE DAM
PA 1096

The following recommendations and remedial measures should be ins ti-
tuted immediately.

1. It should be ascertained whether the u~pstream shutoff for the
12" cast iron pipe is operable. If it is foand that the valve is not
operable, it should be made operable or some other method devised to
drain the reservoir.* If the valve is operable, it should be operated
and lubricated on a regular basis.

2. The wet areas observed on the downstream slope of the dam
should be investigated to determine the extent of the seepage, and its
affect on the stability of the structure. The investigation should be
conducted by a registered professional engineer knowledgeable in daim

~ 1 design and analysis.
3. The spillway is in a deteriorating condition. The concrete K

in the channel walls and channel bottom should be repaired.

4. A regularly scheduled maintenance and operation plan should

be prepared and implemented to check future deterioration of the4
structure.

5. A warning system should be developed to warn downstream resi-
dents of large spillway discharges or imminent failure of the dam.

6. The brush and small trees on the upstream and downstream
slopes of the dam should be removed under the direction of a registered
professional engineer 'knowledgeable in dam design and construction, to
insure that removal of the vegetation does not seriously affect the

A stability of the structure.

7. A safety inspection program should be implemented with
inspections at regular intervals by qualified personnel.

8. The facilities installed on the spillway crest control
structure, for the installation of flashboards shoul ! be removed to
insure that flashboards are not installed at the structure.

9. The areas on the upstream slope where riprap has been removed
should be repaired by replacing the riprap.

10. Areas of observed erosion should be repaired and seeded.

ILi
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PHASE I
NATIONAL DAM INSPECTION PROGRAM

BENTLEYVILLE DAM
NDI. I.D. NO. PA 1096

DER I.D. NO. 63-49

SECTION 1
PROJECT INFORMATION

1.1 General.

a. Authority. The National Dam Inspection ."t, Public Law
92-367, authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of inspection of dams throughout the

United States.

b. Purpose. The purpose of the inspection is to determine if
the dam constitutes a hazard to human life or property.

1.2 Description of Project.

a. Dam and Appurtenances. The Bentleyville Dam is an earthfill
dam, 283 feet long (including spillway) and 24 feet high. The crest
width of the dam varies, with the majority of the crest being approxi-
mately 7 feet in width. The upstream slope of the dam is approxima-
tely 2H:1V, and the downstream slope of the dam is 2H:1V.

A concrete control structure exists on the upstream slope of the
dam at mid-embankment. The structure houses a gate which controls
flow through the drainline.

The spillway for the dam is located at the left abutment. The
spillway is rectangular, with concrete retaining walls and a stepped
concrete lined discharge channel. The concrete lined channel serves
to provide discharges to the stream below the spillway. The width
between the spillway sidewalls at the weir is 20 feet, and the depth
from the top of these walls to the weir crest is approximately 5 feet.
The shape of the weir, however, is such that the effective weir length
equals 25 feet.

b. Location. The dam is located on a tributary to Pigeon Creek,
approximately 3 miles northwest of Bentleyville, Somerset Township,
Washington County, Pennsylvania. The Bentleyville Dam can be located

on the Hackett, U.S.G.S. 7.5 minute quadrangle.

c. Size Classification. The Bentleyville Dam is a small size
dam (24 feet high, 79 acre-feet).

iI S~1
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d. Hazard Classification. The Bentleyville Dam is a significant
hazard dam. Outlying areas of Bentleyviile and Interstate Route 70
appear susceptible to significant damage should the structure fall.

e. Ownership. The Bentleyville Dam is owned by Bentleyville
Water Authority. Correspondence should be addressed to:

The Bentleyville Water Authority
513 Main Street
Bentleyville, Pennsylvania 15314
412/239-2381

f. Purpose of Dam. The dam was originally constructed for the
purposes of supplying water for the Borough of Bentleyville. The
Borough of Bentleyville has since abandoned the dam as a water supply,
and the dam presently serves no useful purpose to tih Borough.

g. Design and Constructionluistory. Based on information con-
tained in the PennDER files, it appears as though the construction of
the dam began in mid-1938. The design of the dam was completed by the
Chester Engineers of Pittsburgh, Pennsylvania. No information was
available relative to construction of the dam.

h. Normal Operating Proc'edures. The re;erv)ir is currently
maintained at the spillway crest elevation. No operations have been
conducted at the dam for many years. It was reported by Mr. Bernard
Crumline (Superintendent, Bentleyville Water Authority), that the
Borough discontinued using water from the reservoir around 1964 or
1965.

1.3 Pertinent Data.

a. Drainage Area. 1.2 square miles

b. Discharge at Dam Site (cfs).

Maximum known flood at dam site Unknown
Drainline capacity at normal pool Unknown
Spillway capacity at top of dam (low spot) 630

c. Elevation ( test) - Field survey based on elevation

of left spillway wall, elevation 1018.0. Design drawings indicate
difference in elevations relative to U.S.G.S. Datum and Field measure-
ments taken during the inspection.

Top of dam - low point 1017.A

Top of dam - design height 1018.75
Pool at time of inspection 1013.1
Spillway crest 1013.1

Note: Elevations used in this report were based on design drawings
(Appendix E) and do not correlate with U.S.G.S. datum.

2
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Maximum pool design surcharge Unknown
Full flood control pool N/A
Norml pool 1013.1
Upstream portal - 12" CIP Unknown
Downstream portal - '1z" CIP 994.3
Streambed at centerline of dam Unknown
Maximum tailwater Unknown
Toe of dam 994.3

d. Reservoir (feet).
Length of maximum pool 2500

Length of normal pool 1300

e. Storage (acre-feet).

Normal pool (spillway crest) 30
Top of dam 79

f. Reservoir Surface (acres).

Top of dam - low spot 17
Normal pool 5.5
Spillway crest 5.5

g. Dam.
Type Earthfill
Length (including spillway) 283 feet
Height 24 feet
Top width 7 feet
Side slopes - upstream 2H: IV

- downstream 2H: IV
Zoning Yes
Impervious core No
Cutoff Partial.
Grout curtain None

h. Reservoir Drain.

Type 12" diameter CIP
"Length (through embankment) 50 feet
Closure (upstream) Gate housed in

Control structure
Closure (downstream) 12" gate valve

on downstream end

3



Access Upstream slope
(Control structure)
Downstream valve

exposed
Regulating facilities Control struc-

ture on upstream
slope equipped

with s.em

i. • pillwax.

Type Rectangular wir.r

an irregular shaped
weir

Length (effective crest length) 25 feet
Crest elevation 1013.1
Upstream channel Lake

(unrestricted)
Downstream channel Tributary tothe North Branch

of Pigeon Creek
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SECTION 2

ENGINEERING DATA

2.1 Design. Review of available information in the files of the
Commonwealth of Pennsylvania, Department of Environmental Resources,
revealed that some correspondence, permit information, design drawings
and pictures were available for review. Pertinent design drawings
relative to the design of the Bentleyville Dam are located in
Appendix E of this report.

2.2 Construction. No information was available regarding the
construction of the dam.

2.3 Operation. No operations are presently conducted at the dam.

2.4 Evaluation.

a. Availability. Engineering data were provided by the PennDER,
Bureau of Dams and Waterway Management. The superintendent of the
Bentleyville Water Authority, Mr. Bernard Crumrine, was interviewed to
obtain data relative to the dam. Mr. Crumrine did not supply any
additional information.

b. Adequacy. This Phase I Report is based on the visual inspec-
tion, hydrologic and hydraulic analysis. Sufficient information
exists to complete a Phase I Report.

5I
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, SECTION 3
VISUAL INSPECTION

3.1 Findings.

a. General. The on site inspection of Bentleyville Dam was cotrw
ducted by personnel of L. Robert Kimball and Aseociatei, accompanied by

Mr. Bernard Crumrine (SuperLntendent, Bentleyville Water Authority),
on November 5, 1980 and May 12, 1981. The inspection conslsted of:

1. Visual inspection of the retaining structure, abutments and
toe.

2. Examination of the spillway facilities, exposed portion of
any outlet works and other appurtenant works.

3. Observations affecting the runoff potential of the drainage
basin.

4. Evaluation of the dot tream area hazard potential.

b. Dam. The dam appear's to be in poor condition. From a brief
survey conducted during the inspection, it was noted that the low spot
on the crest of the dam was located approximately 50 feet from the
spillway. Riprap was observed on the upstream slope of the structure,
and it was noted that some riprap was missing in several areas. The
crest and slopes of the dam were grass covered. Brush and small trees
were observed on both the upstream and downstream slopes. A small era.-
sion area was observed adjacent to the right spillway wingwall. Wet
areas were observed on the downstream slope adjacent to the right
abutment contact, and a small wet area was observed on the downstream
slope adjacent to the right spillway discharge channel wall, approxi-
mately 10 feet below the crest of the dam, No visible flow was
observed at either wet area.

c. Appurtenant Structures. The spillway for the dam is located

at the left abutment of the structure. An abandoned foot bridge spans
the spillway crest. The spillway was constructed of concrete and
incorporated a step type design in the discharge channel. In general,
the existing concrete in the spillway is in a deteriorating condition.

In several areas along the spillway channel walls and spillway bottom,
the concrete has deteriorated to such an: extent that reinforcing steel
was observed. Sections of the stepped concrete channel bottom have
deteriorated to an extent that undercutting of the chatnel floor is
occurring due to seepage under the concr:ete lining.

An irregular shaped concrete weir exists at the entrance to the
spillway, and serves as the control structure. The channel width at
the control section, between the spillway retaining walls, is 20 feet.

The configuration of the control section is such that the effective
length of tle weir is 25 feet. Steel bars exist along the crest of
the control section and are utilized for the placement of flashboards.
Only one flashboard was observed on the crest of the control section
during the November 5, 1980 inspectLon. No flashboards were observed
during the May 12, 1981 inspection.

6
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The drainline control structure located on the upstream slope of
the dam was observed to be in a deteriorating condition. An abandoned
foot bridge serves as access to the control structure. The control
for the gate valve housed in the control structure was observed to be
very badly rusted, and apparently not capable of serving to control
the valve. The valve on the downstream end of the drainline was
visible, and the valve was in the open position. No flow was observed
discharging from the line.

d. Reservoir Area. The watershed was observed as being covered
almost equally with forested lands and open fields. The reservoir
slopes are moderate to steep, but do not appear to be susceptible to
landslides which would affect the storage volume of the reservoir or
overtopping of the dam by displacing water.

e. Downstream Channel. The downstream channel for the
Bentleyville Dam consists of a tributary to the North Branch of Pigeon
Creek. Interstate Route 70 is located approximately 1,000 feet
downstream of the dam, and the Borough of Bentleyville is located
approximately 3 miles downstream.

3.2 Evaluation. In general, the dam and appurtenant structures
appear to be in poor condition. No major erosion or seepage areas
were observed during the inspection. Wet areas were observed on the
downstream slope near the right abutment contact and adjacent to the
right spillway wingwall approximately 10 feet below the crest. The
wet areas should be monitored. Tile brush and small trees on the slopes
of the dam should be removed under the direction of a registered pro-
fessional engineer knowledgeable in dam design and construction. The
drainline control at the upstream end of the drainline appeared to be
inoperative. The concrete in the spillway channel walls and channel

bottom is in a deteriorating condition and should be repaired.

7
494;: !,7•i



SEC.O 1
OPERATIONAL PROCEDURES

4.1 _roceures The resevoi is maintained at the spil~lway crestj

elvton oother prcdrsare cnutdat the dam.

4. ainte~nance of the Dam. Maintenance of the dam is considered
po.No planned maintenance schedule exists for the dam.

4.3 Maintenance of Operating Facilities. There is no maintenance of
the operating facilities.

4.4 Warning System in Effect. There is no warning system in effectI
to warn downstream residents of large spillway discharges or imminent
failure of the dam.

4.5 Evaluation. No maintenance of the dam or operating facilities

is conducted. Brush and small trees have been allowed to grow on the

slopes of the structure. The concrete in the spillway discharge chan-I
nel and spillway retaining walls is in a deteriorating condition. The
control structure on the upstream slope of the dam, which houses the
control for the drainline is in a deteriorating condition. The
control is rusted, and apparently inoperable.4

An emergency action plan should be available for every dam in the
high and significant category. Such plans should outline actions to
be taken by the operator to minimize downstream affects of an

emergency, and should include an effective warning system. No *
emergency action plan has been developed, and the owner should develop
such a plan.

f~ 1 8



SECTION 5

HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features.

a. Design Data. Limited information relative to the hydraulic
design of the spillway was available for review. The available data
listed the effective weir length at 27 feet, and it was noted that the
spillway was capable of discharging in excess of 900 cfs. No detailed
hydraulic design was available for review.

b. Experience Data. No rainfall, runoff or reservoir level data
were available. The spillway reportedly has functioned adequately in
the past.

c. Visual Observations. The spillway appeared to be in poor
condition and inadequately maintained. The spillway is in a
deteriorating condition, but the deterioration does not appear to be
capable of hampering discharges through the channel. The control sec--
tion appeared to be in fair condition. The effective length of the
control section was observed to be greater thart that between the I
spillway wingwalls.

The low spot on the embankmnent crest was observed at approxima-I
tely 50 feet right of the spillway.

d. Overtopping Potertial. Overtopping potential was investi-
gated through the development of the probable maximum flood (PMF) for
the watershed and the subsequent routing of the PMF and fractions of

the PMF through the reservoir and spillway.

The Corps of Engineers, Baltimore District, has directed that the
HEC-1 Dam Safety Version systemized computer program be utilized. The
program was prepared by the Hydrologic Engineeriag Center (HEC), U.S.
Army Corps of Engineers, Davis, California, July 1978. The major
methodologies or key input data for this program are discussed briefly

in Appendix D.

5.2 Evaluation Assumptions. To enable completion of the hydraulic
and hydrologic analysis for this structure, it was necessary to mak~e
the following assumptions.

1. The pool elevation in the reservoir prior to the storm was
assumed to be at the spillway crest elevation, 1013.1. I

2. The top of dam was considered to be the low spot elevation,
1.* 1017.8.

9



3. The effective low bead weir length for the spillway control
section was considered to be 25 feet. Flashboards were considered as
being nonexistent. The metal posts on the spillway crest were not
considered in the analysis.

5.3 Summary of Overtopping Analysis. Complete summary sheets for the
hydraulic and hydrologic analysis and computer output are presented
in Appendix D.

Peak inflow (100-year storm) 525 cfs
Peak inflow (0.5 PHF) 1696 cfs
Spillway capacity 630 cfs

a. Spillway Adequacy Rating. The Spillway Design Flood (SDF)
is based on the hazard and size classification of the dam. The recoi-
mended spillway design flood for a dam of this size and classification
is in the range of the 100-year storm to the 1/2 PMF. Based on the
downstream potential for significant property damages to outlying
areas of Bentleyville and Interstate Route 70, the spillway design
flood has been selected as the 1/2 PiF. Based on the following defi-
nition provided by the Corps of Engineers, the spillway is rated as
inadequate as a result of our hydrologic analysis.

Inadequate - All significant hazard dams which do not pass the
spillway design flood (1/2 PMF).

The spillway and reservoir are capable of controlling the
100-year storm and approximately 19% of the PMF without overtopping
the embankment.

10
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SECTION6
6.1 valutionSTRUCTUJRAL STAB ILITY

a. Visual Observations. No major erosion areas were observed on
tha embankment crest or slopes. A small erosion area was observed ou
the crest adjacent to the right spillway wingwall. No measureable
seepage was observed during the inspection. Two wet areas were
observed on the downstream slope of the dam. One wet area was
observed near the right abutment contact, and the second wet area was
observed on the downstream slope adjacent to the right spillway
discharge channel wall, approximately 10 feet below the crest. SmallI
trees and brush were observed on the upstream and downstream slopes of
the dam.

b. Design and Construction Data. Only limited information was
available in the DER. files relative to the construction of the dam.
Available information indicates that the embankment was constructed of
select material on the upstream slope, with common borrow material

being utilized on the downstream half of the dam. Design drawings
indicate that a puddle trench was to be constructed along the entire

least 12 inches into impervious material. A July 13, 1938 progress
report, submitted by an engineer representing the Department of Forest
and Waters reported on the progress of construction as of July 5th ofj
the same year.* It was noted in the memorandum that three puddle
trenches had been excavated in accordance with plans. The two outside
trenches were 18" wide and ranged in depth from 3' to about 8'.
Between the two outside trenches, the main puddle trench was 3' wide
and also ranged to a depth of 3' to 8'. It was also noted that thej
three trenches were on the upstream side of the centerline of the dam,J
being spaced about 20 feet apart and converged into a single trench atJ
each end of the dam. The progress report continued stating that
blowoff pipe was in-place and covered. It was reported that only
three of the four collars had been placed around the pipe. The
inspecting engineer asked that the additional collar be placed in the
main puddle trench as shown on plan, and that it be left exposed for

inspection.



The dam was designed by the Chester Engineers of Pittsburgh,
Pennsylvania. Pertinent design drawings are available in Appendix g.
It appears as though construction of the dam began in mid-1938, and a
September 26, 1938 memorandum indicates that the project was complete
about the middle of August 1938.

c. Operating Records. No operating records exist for the dam.

d. Post Construction Changes. No post construction changes are
known to have occurred since construction of the dam was completed in
1938.

9. Evaluation. No major deficiencies were observed during the
inspection which were considered as having an immediate effect on the
static stability of the structure. Wet areas observed on the
downstream slope should be evaluated as to possible affect on
stability. The dam is assumed statically stable.

It should be noted that tnining may have occurred beneath the dam,
and the owner should be aware of possible subsidence in the area of
the dam and the potential effects relative to the ongoing stability of
the structure.

f. Seismic Stability. The dam is located in seismic zone 1. No
seismic stability analyses have been performed. Normally, it can be
considered that if a dam in this zone is stable under static loading
conditions, it can be assumed safe for any expected earthquake
loading. Since the dam is assumed to be statically stable at the pre-
sent time, the dram is assumed safe for .arthquake loadings. No calcu-
lations were performed to document this assumption.

12
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS/REMEDIAL MEASURES

7.1 Dam Asseasment.

a, Safety. In general, the dam appears to be in poor condition
and inadequately maintained. The dam and appurtenant structures are
in a generally deteriorating condition. No major erosion was observed
on the slopes or crest of the dam. A small erosion area was observed
adjacent to the right spillway wingwall on the crest of the dam. It
was observed during the inspection that several small areas of riprap
had been removed from the upstream slope of the dam. The inspection

of the drainline control valve stem revealed that the control was
badly rusted, and apparently inoperable. Two valves exist on the

drainline. The downstream valve was observed Lo be opened and no flow

was observed discharging from the pipe. The upstream valve was
apparently closed.

Two wet areas were observed on the downstiream slope of the dam.
At the time of the inspections, no flow was observed from the areas.
The seepage should be investigated to ascer!.ain its effects on the
stability of the structure. The concrete in the spillway is in a
deteriorating coidition. Undercutting of the channel bottom is
occurring and if left unchecked, continued undercutting in this

spillway channel could lead to a potential failure of the structure.

The Bentleyville Dam is a significant hazard-small size dam. The
4 ~ recommended spillway dusiga flood (SDF) for a dam of this size and

classification is in the range of the 100-year storm to 1/2 PHF.
Based on the downstream potential for significant property damage to
outlying areas of Bentleyville and Interstate 70, the spillway design
flood has been selected as the 1/2 PMF.

The visual observations, review of available data, hydrologic and
hydraulic calculations and past operational performance indicate that
the Bentleyville Dam is controlling approximately 19% of the PMF. An
analysis of the 100-year storm indicates that the spillway is capable
of discharging the storm without overtopping the embankment. The
spillway is termed inadequate.

b. Adeqacy of Information. Sufficient information is available
to complete a Phase I report.

c. Urgency. The recommendations suggested below' should be
implemented as soon as possible.

d. Necessity for Further Investi on! . In order to accompli h
some of the recommendatioris/remedial measures outlined below, further
investigations will be required by a professional engineer
knowledgeable in dam design and construction.

13



7.2 Recommendations/Remedial Measures.

1. It should be ascertaained whether the upstream shutoff for the
12" cast iron pipe is operable. If it is found that the valve is not,
operable, it should be made operable or some other method devised to
drain the roservoir. If the valve is operable, it should be operated
&and lubricated on a regular basis.

2. The wet areas observed on the downstream slope of the dam
should be investigated to determine the extent of the seepage, and its
effect on the stability of Lhe structure. The investigation should be
conducted by a registered professional engineer knowledgeable in dam
design and analysis.

3. The spillway is in a deteriorating condition. The concrete

in the channel walls and channel bottom should be repaired.

4. A regularly scheduled maintenance and operation plan should
be prepared and implemented to check future deterioration of the
structure.

5. A warning system should be developed to warn downstream resi-
dents of large spillway discharges or imminent failure of the dam.

6. The brush and small trees on the upstream and downstream
slopes of the dam should be removed under the direction of a registered
professional engineer knowledgeable in dam design and construction, to
insure that removal of the vegetation does not seriously affect the
stability of the structure.

7. A safety inspection program should be implemented with
inspections at regular intervals by qualified personnel.

8. The facilities installed on the spillway crest control
structure for the installation of flashboards should be removed to
insure that flashboards are not installed at the structure.

9. The areas on the upstream slope where riprap has been removed
should be repaired by replacing the riprap.

10. Areas of observed erosion should be repaired and seeded.

14
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BENTLEYVILLE DAM
PA 1096

Sheet 1

Front

1. Upper left Overview of upstream slope of dam, drainline

control structure, &nd spillway approach.
View towards the left abutment.

2. Upper right - View of upstream slope. View towards the
right abutment. Note brush and small tree
on upstream slope, and partial view of riprap.

3. Lower left - View of spillway approach, and spillway
control section. Note existance of one
flashboard and abandoned foot bridge which
spans the spillway crest.

4. Lower right - Close-up of spillway control structure. Note
facilities for installation of flashboards.

Back

5. Upper left - View of spillway discharge channel. Note
deterioration of concrete, and undercutting.

6. Upper right - View of drainline control structure on
upstream slope. Note deterioration of
abandoned foot bridge.

7. Lower left - View of seepage area on downstream slope at
the left abutment contact.

8. Lower right - View of 12" gate valve at downstream end of
drainline.

SITOP OF PAGE

I,5 2,6

3,7 4,8
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APPENDIX D
HYDROLOGY AND HYDRAULICS

Methodology. The dam overtopping and breach analyses were
accomplished using the systemized computer program HEC-1 (Dam Safety
Investigation), September, 1978, prepared by the Hydrologic
Engineering Center, U.S. Army Corps of Engineers, Davis, California.
A brief description of the methodology used in the analysis is pre-
sented below.

1. Precipitation. The Probable Maximum Precipitation (PfP) is
derived and determined from regional charts prepared from past rain-
fall records including "Hydrometeorological Report No. 33" prepared by
the U.S. Weather Bureau.

The index rainfall may be reduced from 10% to 20% depending on
watershed size by utilization of what is termed the HOP Brook adjust-
ment factor. Distribution of the total rainfall is made by the com-
puter program using distribution methods d#veloped by the Corps.

2. Inflow Hydrograph. The hydrologic analysis used in develop-
ment of the overtopping potential is based on applying a hypothetical
storm to a unit hydrograph to obtain the inflow hydrograph for reser-
voir routing.

The unit hydrograph is developed using the Snyder method. This method
requires calculation of several key parameters. The following list
gives these parameters their definition and how they were obtained for
these analysis.

Parameter Definition Where Obtained

Ct Coefficient reprasenting From Corps of
variations of watershed Engineers*

L Leug:h of main stream From U.S.G.S.
channel miles 7.5 minute

topgraphic

Lca Length on main stream From U.S.G.S.
to centroid of watershed 7.5 minute

topographic

Cp Peaking coefficient From Corps of
Engineers*

A Watershed size From U.S.G.S.
7.5 minute
topographic

*Developed by the Corps of Engineers on a regional basis for
Pennsylvania.

4 •D-1



•, 3. loutins. Reservoir routing is accomplished by using Modified
Plus routing techniques where the flood hydrograph is routed through

reservoir storage. Hydraulic capacities of the outlet works,
"spillways and the crest of the dam are used as outlet controls in the
routing.

The hydraulic capacity of the outlet works can either be calculated
and input, or sufficient dimensions input, and the program will calcu-
late an elevation discharge relationship.

Storage in the pool area is defined by an area - elevation rela-
tionship from which the computer calculates storage. Surface areas
are either planimetered from available mapping or U.S.G.S. 7.5 minute
series topographic maps or taken from reasonably accurate design data.

4. Dam Overtopping. Using given percentages of the PMF, the com-
puter program will calculate the percentage of the PMF, which can be
controlled by the reservoir and spillway without the dam overtopping.

5. Dam Breach and Downstream Routing. The computer program is
equipped to determine the increase in downstream flooding due to
failure of the dam caused by overtopping. This is accomplished by
routing both the pre-failure peak flow and the peak flow through the
breach (calculated by the computer with given input assumptions) at a
given point in time and determining the water depth in the downstream
channel. Channel cross-sections taken from U.S.G.S. 7.5 minute
topographic maps were used in the downstream flood wave routing. Pre
and post failure water depths are calculated at locations where cross-
sections are input.
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HYDROLOGY AND HYDRAULICS ANALYSIS
DATA BASE

NAME OF DAM: Bentleyville Dam

PROBABLE MAXIMUM PRECIPITATION (PMP) - 24.3 inches

STATION 1 2 3

Station Description Bentleyville

Drainage Area

(square miles) 1.2

Cumulative Drainage Area
(square miles) 1.2

Adjustment of PMF for
Drainage Area (%)(1) (Zone 7)

6 hours 102
12 hours 120
24 hours 130
48 hours 140
72 hours N/A

Snyder Hydrograph
Parameters

Zon- (2) 29
CP 0.50

Ct (3) 1.6
L les) (4) 1.89 milesca Nmiles) (4) 0.95
tp - Ct(LxLca) 0.3 hrs. 1.91

Spillway Data
Crest Length (ft) 25 (effective length for low heads)
Freeboard (ft) 4.7
Discharge Coefficient 3.1
Exponent 1.5

(I)Hydrometeorological Report 33 (Figure 1), U.S. Weather Bureau
and U.S. Army Corps of Engineers, 1956.

(2)Hydrological zone defined by Corps of Engineers, Baltimore
3' District, for determining Snyder's coefficients (Cp and Ct).

( 3 )Snyder's Coefficients.
M(4 )L-Length of longest water course from outlet to basin divide.

Lca-Length of water course from outlet to point opposite the
centroid of drainage area.
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CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA
,.

DRAJMGE AREA CHARACTERISTICS: 1.2 sg.miles

1EXVATION TOP NORMAL POOL (STORAGE CAPACITY): 1013.1 [30 ac-f t_

U.IVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): ,P1017.8 [79 -ft] ,

'I VATION MAXIMUM DESIGN POOL: 1018.5

LEVATION TOP DAM: 1017.8

SPILMAY CREST:

a. Elevation I l1• I
b. Type •al1,e" slw'-p ",e.
c . Width X'fila'tiup crest lagtL~- w 25 fee

d. Length r.&P41 14JOI lggjsth proiý." 5 .
e. Location Spillover T-4:f gu n.
f. Number and Type of Gates

OUTLET WORKS:

a. Typea. Type i12" cast; 'ron 'pIpe ••-

b. Location .rn

c. Entrance inverts Maximum section
d. Exit inverts _ _ _ _n _ _ _ _ _

e. Emergency drawdown PacilitNs4 tZ- cast iron pipe [ope-r-atlnRe on-- .b••

HYDROMETEORO.A)GICAL GAUGES:

a. Type
b. Location None
c. Records Nene

None
MAXIMUM NON-DAMAGING DISCHARGE:

"Unknown

NOTE: Elevations 1 oni i L Id !,,, r-vy .

D-4

~~~~~~~~~~~~"Tf W .. : ••,.'t! •r... 7;•5: i



NAME ~T.~VLL
NUMBER A-0(

4 L. ROBERT KIMBALL & ASSOCIATES SHEE T NO. OF
i CONSULTING ENGINEERS A ARCHITECTS SHEET

B EUENUURG PENNSYLVANIA BY .O7M DATE - JA 1

EL.Q\JA.-rior4 - A jziagLAArc.S/-b

.- W / -r" " . -r. o A/ = lo

/050-

/050-

/*0oS -

/o/0o

/oZo

0 .5 /o /3 o /oo /090

D-5 __



NAME __

NUMBER (A-I o?(a

SL ROBERT KIMBALL & ASSOCIATES
C7 CONSULTING ENGINEERS A ARCHITECTS SHEETNO-! F

ow ISENSSURG PENNSYLVANIA BY 0 12A DATE t4 ¶8

s___________________F_____)__N____2

~J kk 3'

srm.o I OK

SEoy

-J

k Q

z0

/050 . oo zoo

(.103a -- 30

v-, ~uo qo 0 c-S S



EdNAME __

SL. ROBERT KIMBALL & ASSOCIATES NME A.~I9

SCONSULTING ENGINEERS A ARCHITECTS SHEET NO. ~~OF

-EBENSBURG PENNSYLVANIA BY ""A DATE M -ý' 9 1 F

IE ('i PF:) -ký C . X~. r3 XS r- 0t1 I

<=o~ as.T siaw.N -71e G-r?-c.rv/s ;vii

-rJS L =0.0(35 /v/

-r AA i~0 Z 5 -rZ~c~

QCA410 1Ztv=r~ I k-5wV . Moit4oNA044-iL.A. Saz-8AsV

(Z) rotA !MUL-ruPLG 12.ý,eiESSIONv~~w~QiA

O-(3o -0-OZ38p?

Pr~o NA: kr~j PC a 2.CS $U 9-TP ACo, /

D-7



NAME

NUMBER PA, 10

"• L ROBERT KIMBALL & ASSOCIATES
C' CONSULTING ENGINEERS A ARCHITECTS $MEETNO. -ATE

, EBENSBURG PENNSYLVANIA .. DATE /?e I

0Q.oo -7 S/ a. 7.

.=o. 74"

9

73 -4- 3 z 7

5-a-La-

G PtL-L. W,- O- A~ QLA C. /00-.- e, 0C

S /aý ý .w A. Y S A. o~~ir ý QA u . I S A/Or

0 vee-To ppeQ A'No L;Ir'AJL7 O 1/1,14/1J

D-8
,,,•0 :-""-S" •"" '



~-7

I Imý

U. x

.2*

N~ 0 4 I. ,

ca Ln 
'4 h

n z < 
, * .

Lii'

-J -

ut o t N0P- 3 ' yf

4D-9

6- l i
t1) gi _I' z- 2.1¶ 1



-r -

uj*

0
4v-

4c Q

.: At- -0
'-.4 ix

'0C,. jL

4~~AL 0

U)

cc 0. 000.

j.4

D-1.

12 e4



*~wmag t 4=jL 6ZI

444

ic*

t's'

rA VA

-t4



-~~ lob v** 
0r-n ---.-.o-,..

pa .4 

-4

~~20
LIJO

0 _ c

-%a _j v4.
CL.

4 D

43 455

in 49

~0 "fl..A' v
e. *,,

M0.

4..9
.3 C)

L o .AL

itj



-. 47"

.t A.

&o

IL
AN:

4c ............

atI



74 
"

u,,

0 0 1?2 
p 31-~

.: U tt 3=

InI
L~4w

-D-

ONa W, -tMm"3lvsp



1- -.. 7 -*--7qS.

*Z I
£- r0-'

AUU. W, -6M

Z 42

0 *

x -- I

i- -.(-4

rz, 7.1 ,

*1r ,

'SAo Q. *

IL' . *'*' ~IN
~~-15

~1J - ~ OF



APPENDIX E
DRAWINGS



~~~~4 Wei))3

1 1 01/ ! 1 II

//

UN ACI a

If6

10fi

0)n : /

>'A

* BENLEYVILE DA

Well> ;' . 1' 00 ~ellI
,~~OII L.ROBERT KIMBLL3ASCAE

/033C O N U L T I G E G I N E R S A R C H T B T



\"12 ~ ~ ~ ~ ~ cl •ýAýWt - ta r'i4ne AT SP,."4vAr "4tVATION

.1-1 . ý
a~JA-A

-4, 4

G2N~~~~tRALAll ARAeýt1 -1- L
4nc hrt.l*4C4,

P4~ ANa IV7Ae .1

Tr.5fc Jccrvo.-vo~aI.,aqA-f 6r 5A -? -



9- -oI

5A* C. $L

,.Q-1 1.i6. M 2'

coy- coi'-'

I ~ ~ ~ ~ ~ ~ ~ 7. 30___ _ _ __ J ',1. '

.S~tooottr4-p-y

t it.. 15

.A 1- SL.Cj'jOA.-Itzi---------r sf--- /

_ _ _ 4 3 - . - j c ..4

fw -"I 20 11'
r -- -- - -- -- -- L ----- -- -- -- - i./- r, Mt-,

j -

.4-'.'~b.It.vK ~ /7 pn~Q
(-jibotn-e'o

12ef nt ,11"

,41 10e6 .6

S ;'rxs ý Zs

.ti i,.. - -pO -.. -00 t- i - --. ,to -- - -O4-.,N5 P RO A

* -&-A-C6ND-J 
2t tE OA

W.V.,. /'4-.' Sc'/ 5 1 "i- TIO (f 76

Ia O. 776?~ s w-n .W elM e,1pj1 llj

JCo / W//N~PA

E 2

I....TQUALMT ~A?.~



I-.h

vi'v I Y/P sv . pe ,

II-

3-1---C -~o '-V.-

sze~~~' rM.,, Nwd -Th 5,c-/o -



4,P IS

Y.,,I~iv -T".,I~

.6-4../~

CA. 5 /14 'yIA

fle", ýp0*~~~~ .ar k,.nf4-,

4~-T M -~~ TF-'sa-, WEJ IVLL

fl.. 4V"a

O.V4PED EL EVAr/0N oF spIl. wAy

k.l 4C. 0

5V1IJ4 1:5 '&TZ&7W4&,5

4
"f Ml Chfe.,- ffogrra,

______ FO 7 207-61

AM/A. PRo~rAcr Docxars7- No. PA. I/4tpi E 3
.............................. s- 13' snc T QALTYtT F4CLa4'k

hdxa. iu T A



- 04

If~

WASHNGTN CUNT, PENSLVNI

~~ / -4~'



APPENDIX F
GEOLOGY



General Geology

The Bentleyville Dam is located in the Pittsburgh Plateaus Section
of the Appalachian Plateau Province. This section typically consists
of rounded hills and ridges formed by stream erosion of a former
plainlike area. In the study area, the ridges are more definite and
folds are slightly broader. The sediments are deformed by several
sub-parallel secondary folds which are superimiposed upon a major
spoon-shaped trough of first magnitude in southwestern Pennsylvania
and adjacent regions. The axes of these folds trend about N30-50*E,
plunging gently southward. The Bentleyville Dam lies on the common
flank of the Amity Anticline and Pigeon Creek Syncline. The Amity
Anticline strikes about N36E in the area of the dam. The strata
beneath the dam strike this same general direction and dip gently to
the southeast.

The rock underlying the dam belongs to the upper member of the
Pittsburgh Formation of the Monongahela Group of Upper Pennsylvanian
Age. It is composed of approximately four beds of argillaceous
limestone alternating with units of greenish-gray mudstone, siltstone,
and sandstone; some sandstone being massive. It is about 80 feet
thick. The Benwood Limestone of the Sewickley Member, which lies
beneath the upper member of the Pittsburgh Formation is known to have
good water - bearing properties. The Monongahela Group extends to the
base of the Pittsburgh coal seam.

The Bentleyville Dam is located in the Main Bituminous Coal
Field. Principal coal beds which underly the dam are the Sewickely,
Redstone, and Pittsburgh seams. They are about 125 feet, 200 feet,
and 250 feet beneath the dam, respectively. As of 1974, the Pittsburgh
coals extent of mining was just south of the Bentleyville Dam near the
Route 70 intersection.
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